The production and characteristics of a new bacteriocin, cellvibriocin, are described. Of ten known strains of Cellvibrio examined six were cellvibriocinogenic. Cellvibriocin produced by Cellvibrio sp. 9916 appeared most specific on most media and was studied in detail. It was thermolabile, unaffected by deoxyribonuclease, ribonuclease, lysozyme and catalase but completely inactivated by proteases and protein denaturants such as chloroform, acetone and ethanol. Although not readily detectable nor inducible in liquid culture cellvibriocin was induced on solid (agar) media by ultraviolet light; it was not extractable from agar grown cultures by buffer solutions or by freeze-thawing, or from liquid grown cultures lysed with ethylene diaminotetraacetic acid and lysozyme or from cultures disintegrated by ultrasonication, in a Hughes's press, with butanol or with alumina.
potential producer strains on various media in Petri dishes were incubated at 25 "C for 48 h.
A 24 h culture (0.1 ml) of indicator strain suspended in 5 ml of melted soft agar medium (the same medium as the first layer but containing only 0.77~ agar) was then seeded over the entire surface. The 'lawn ' developed by the indicator strain after 48 h of incubation at 25 "C revealed the presence of cellvibriocin in the development of inhibition zones around the streak. The zones were recorded in mm as the mean of eight replicates. The absence of bacteriophage activity was shown by transferring material from inhibition zones into liquid medium containing exponentially growing indicator cells. After incubating, the supernatant phase obtained by centrifuging was assayed for bacteriophage.
Spot assay was used to detect bacteriocin in liquid cultures. Serial twofold dilutions (0.03 ml) of centrifuged culture fluids were spotted on to plates seeded previously with an indicator strain. After incubating, the plates were examined for inhibition of growth. The titre, in arbitrary units/ml, was that given by the reciprocal of the highest dilution showing complete inhibition of the sensitive indicator strain.
Properties of the bacteriocin. These were examined with streaks of celvibriocin 991 6 which were subjected to various treatments prior to the Plate Assay. Ability to pass through membranes (dialysis of Visking Co., U.S.A.; filter membranes of Oxoid; cellophane jar covers, Boots Ltd, Swansea) was tested by placing sterile membranes over the streaks before overlaying with indicator strain. Streaked plates, previously incubated at 25 "C for 48 h were tested for susceptibility of cellvibriocin to heat in a hot air oven at 50 "C for 20 min. Organic solvents on filter paper were placed in the lid of inverted streaked plates, the bacteriocin was exposed for 30 min at 25 "C before the paper was removed, excess vapour allowed to evaporate for I h, and the indicator strain applied.
The action of various enzymes on cellvibriocin was examined using strips of sterile glass fibre paper (grade GF/A, Whatman) soaked in the enzyme preparation and placed at right angles across the producer streak (Brubaker & Surgalla, 1961). Incubation for 3 h at 25 "C permitted sufficient enzymatic action before the strip was removed and the indicator strain was added. DNase (Type I, from bovine pancreas, I x crystallized and lyophilized: Sigma Chemical Co., St Louis, Missouri, U.S.A.), RNase (Type IA, from bovine pancreas, 5 x crystallized : Sigma), trypsin (crystallized from bovine pancreas : Armour Laboratories, Eastbourne, Sussex), lysozyme (Armour Laboratories), pronase (B grade, 45,000 PUK units/ g: Calbiochem, La Jolla, California, U.S.A.), and catalase (B.D.H., Poole, Dorset), were tested.
Cell vibriocin 365 Induction of bacteriocin synthesis. Streak cultures grown for 48 h were irradiated in the dark at a distance of 16 cm with U.V. light at 2537 A for 10 s to 5 min and then reincubated for 24 h before overlaying with the indicator strain. With liquid cultures, cells from early and late exponential phase were distributed into dishes to a depth of 2 mrn irradiated similarly for 10 to 120 s, before reincubating at 25 "C for 24 h. Culture fluids were assayed for cellvibriocin by 'Spot Assay'.
Exponential phase cultures were also treated with mitomycin-C (Sigma) (0.1 to 1.0 ,ug/ml) for 10 min at 25 "C before the medium was removed by centrifuging. The cells were resuspended in fresh medium and incubated for a further 24 h before assay. Induction of cellvibriocin was also attempted with 0.025 to 1-76 mM-H,O, (Stickler, Tucker & Kay, 1965) , by cold shock and by anaerobiosis (Farkas-Himsley & Seyfried, 1963 a) .
Attempted extraction of bacteriocin. Cultures on agar were thoroughly dispersed with a glass spreader and then extracted with 20 ml of either (i) buffer solutions ranging from pH 3 to 9 or (ii) fresh liquid medium after first treating cultures with (and without, for control sets) U.V. light to induce the bacteriocin. Other cultures on agar were extracted by freezing at -15 "C for 16 h folowed by rapid thawing for 4 h at 25 "C. In each case the exuded fluid was centrifuged and assayed by the 'Spot Assay'. Other samples of the same cellvibriocinogenic cells were lysed with lysozyme (0.1 mglml) and EDTA (2 mglml). The insoluble and soluble fractions obtained by centrifuging at 20 ooog were tested for bacteriocin activity. Cells were also disintegrated with butanol, with alumina (Halliwell, 1957) , with NaCl (Herschmann & Helinski, 1967) and in a press (Hughes, 1951) and the fractions tested for bacteriocin activity.
RESULTS
On glucose-casein hydrolysate-agar medium four of the ten strains of Cellvibrio tested were cellvibriocinogenic, namely 9915,9916, QM-BI and Q M -~4 (Table I) ; none had the same spectrum of activity.
Strain QM-BI was the most specific, strain QM-B4 offered the broadest spectrum, and strains 99 I 5 and 99 I 6 showed intermediate activity. On the same medium five of the ten catalogued strains (see Methods) of Cellvibrio tested for sensitivity were unaffected by the bacteriocin(s). The isolates of Cellvibrio obtained locally (CS strains, see Methods) differed from one another in one or two minor properties but in their susceptibilities to producer strains 9915, 9916 QM-BI and Q M -~4 fitted readily into the six groups (cs) listed in Table I . In their properties and susceptibility to cellvibriocin, isolates cs14 and 33 were identical to Cellvibrio spp. 8634 and QM-BI respectively.
Synthesis of cellvibriocin by some species was promoted on dilute nutrient broth-agar compared with the casein hydrolysate medium of the earlier experiments. The antimicrobial spectrum of the three strains 9914,9915 and 9916 (Table 2) , active on that medium, showed an increased spectrum of activity against Cellvibrio spp. All the seven other strains of Cellvibrio (see Methods) tested for bacteriocin production on this medium were inactive. Strains 9913 and QM-BI8 also failed to respond as sensitive organisms. Of seventeen noncellulolytic cultures tested (see Methods), sensitivity to cellvibriocin action was relatively feeble and confined to four genera (Table 2) . Strain 9914, a non-producer of bacteriocin on casein hydrolysate medium of Table I and strain 9915 were self inhibitory.
The possibility that inhibition arose from more general effects such as staleing of medium or peroxide formation was excluded in parallel experiments by destroying the activity once formed with chloroform. Furthermore, strains 99 14 and 99 I 5 had powerful catalase activity. Neither did inhibition arise from the formation of acid or alkali in the culture since the area 366 G . HALLIWELL AND C. SWEET surrounding the streaks registered pH 8.0 for both producer and non-producer strains, a level tolerated well by all the indicator organisms tested. Bacteriophages were not involved since material from the zones of inhibition was non-idective. With some strains occasional inconsistencies in bacteriocin formation appeared to be associated with certain batches of casein hydrolysate. This was overcome to a considerable extent by substituting starch for casein hydrolysate in the medium (Table 3) . Producer strain 9916 again appeared to show a somewhat greater specificity, being active against only three of the eight Cellvibrio spp. and more particularly against strain 9915. Three of the Cell vibriocin 367 Other details as in Table I .
Bacteriocinogenic activity of Cellvibrio spp.
h r six local cellulolytic isolates (CS strains of Table I ) were susceptible to strain 9916 when tested on the starch-agar medium (a of Table 3 ). Strains 9914 and 9915 inhibited almost all strains in all media and in general, like strain 9916, showed less activity in presence of casein hydrolysate (Table 3 , Column c). In contrast this medium alone proved effective for strain QM-BI, as had been observed previously on the glucose-casein hydrolysate agar medium of Table I . Calcium ions provided a varied response related mainly to the indicator strain ( Table 3) . Here the absence of Ca2+ (medium a compared with b) was of some interest in enhancing cellvibriocin activity of producer strain 991 5 against the indicator strain QM-BI 22 ; producer strain 9914 reacted likewise against the same strain (QM-~122). Biosynthesis of cellvibriocin was an unstable characteristic of certain strains, being lost on repeated subculture on certain media. On the glucose-casein hydrolysate-agar medium of Table I , for example, producer strains 9916 and Q M -~4 ultimately failed to synthesize bacteriocin and, although producer strain 99 I 6 still displayed this activity on other media (Tables 2 and 3), Q M -~4 failed to regain this property under any conditions.
With some streak cultures, particularly strain 9916, U.V. irradiation after growth for 40 h promoted bacteriocin synthesis, illustrated by an increase in the size of the inhibition zone formed against the indicator strain. Attempts to induce cellvibriocin synthesis in streak cultures by cold shock' treatment (see Methods) were ineffective; the same treatment or that with mitomycin-C, H202, and anaerobiosis were also unsuccessful with liquid cultures. The bacteriocin was non-extractable from agar cultures or from liquid grown cellvibriocinogenic cells. Strains 99 I 6 and Q M -~4 retained the bacteriocin in the insoluble material after ultrasonication, almost wholly in the membrane fraction as shown in parallel experiments involving separation of cell fractions obtained after lysis with EDTA and lysozyme in buffered sucrose. A variety of other procedures (see Methods) used to try to dislodge cell vibriocin from cells of agar or liquid grown cultures were also ineffective.
Protein nature of cellvibriocin. Cellvibriocin 99 I 6 passed readily through a filter membrane of porosity 0.45 pm and to some extent through dialysis tubing and cellophane though this probably arose from the known cellulolytic action of cellvibrio on the last two membranes.
Compared with unheated control samples approximately 70 % of the bacteriocinogenic activity on agar was lost after exposure to 50 "C for 20 min; cellvibriocin from strains 9149 368 G . HALLIWELL AND C . SWEET and 9915 behaved similarly, that from strain 8634 lost all activity under these conditions. Cellvibriocin 9916 was inactivated in 30 min at 25 "C by the vapour of acetone, amyl alcohol, benzene, butanol, chloroform, ether, ethanol, methanol and propanol. Lysozyme, catalase, RNase and DNase had no effect on the activity of this cellvibriocin whereas the proteases trypsin and pronase caused considerable inactivation. In short periods of exposure (3 h) of the bacteriocin to the last two enzymes impregnated in glass fibre paper (prior to its removal and addition of the indicator strain) the inhibition zone due to cellvibriocin disappeared completely in areas exposed to the enzyme. Sensitivity to proteolytic enzymes could be demonstrated more dramatically by streaking a protease producing bacterium (isolate cs 22 from local soils) at right angles to a cellvibriocinogenic strain (9916) and incubating for 48 h at 25 "C. This permitted active secretion of enzyme as well as of cellvibriocin into the medium before seeding with the indicator strain 99 15. The longeiexposure and continued production of protease clearly showed complete destruction of cellvibriocin activity in a path at least 3 mm wide on both sides of the proteolytic bacterium. Non-proteolytic isolates showed no such effect.
DISCUSSION
Of the several Cellvibrio spp. examined as producers of cellvibriocin, strains 9914, 9915 and 9916 possessed the greatest activity against most other Cellvibrio spp. (Table 2 ) whilst relatively feeble activity was shown against species outside this genus. Strain 9916 appeared to have slightly greater specificity in failing to recognize as many sensitive strains (Tables 2  and 3 (Kuttner, 1966 ) act against themselves (Table 2) .
Whereas on agar medium diffusion of bacteriocin away from producer cells permitted its ready detection and estimation, in liquid culture its liberation or accumulation was small as judged by the 'Spot Assay' method used. 'Spot Assays' of, for example, extracts of whole cells or the insoluble matter of ultrasonicated cells provided clear symmetrical zones of inhibition free from viable cells (even on prolonged incubation) but at best represented activities of not more than 10 to 20 units/ml. In this respect cellvibriocin resembles colicin in which 90 % of the activity remains cell bound (Herschmann & Helinski, I 967 ; Timmis, 1972) or vibriocin detectable on agar plates but not in cell-free systems (Takeya & Shimodori, 1969) , possibly because it is adsorbed to its producer strain (Jayawardene & FarkasHimsley, 1969) . Other examples are the megacins B and C which either cannot be detected in liquid culture or which disappear rapidly from culture fluids after the early exponential phase of growth (Holland & Roberts, 1964) .
As far as we are aware this is the first indication of bacteriocinogenic activity in cellulolytic organisms apart from a brief report by Tchan & Giuntini (1950) of a possible myxococcin (?) in a Sporocytophaga species. The fairly wide distribution of cellvibriocin throughout the genus Cellvibrio may serve to explain earlier observations with such bacteria (Halliwell, 1965) , where after growth on certain media some species lost much of their cellulolytic potential. Residual viable cells were severely handicapped in their attempts to elaborate the enzymes necessary to attack the normal insolub1e:substrate cellulose whilst remaining unimpaired in their utilization of simpler soluble derivatives. One possibility suggests itself Cellvibriocin 369 from the role of limited nitrogen in promoting cellvibriocin production by, for example, strains 9914 and 9915 (Table 3 , treatments a and c). Ecologically such action may serve the community by confining the synthesis of inducible enzymes and colony development during adverse conditions. If such a system should prove general in nature it would provide an interesting variant of metabolic control in the cellulose system.
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